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Abstract 

We study the pion-nucleon P33 and Pu scattering, where the Delta and the 
Roper resonances are seen, respectively. We use the Lippmann-Schwinger 
equation extended to couple to a one-body state, and investigate nature of 
these resonances by taking and omitting a one-baryon state into account. We 
see validity and puzzle of the standard quark model interpretation, for the 
Delta and the Roper resonances, respectively. 



1 Introduction 

Nowadays, the Delta resonance is well recognized as an appearance of a 
three-constituent-quark(3Q) ground state in the (10,4) representation of the 
flavor SU(3) and spin SU(2). While, before the quark model, the resonance 
was explained as a temporal bound state of pion and nucleon produced by 
attraction due to cross diagram and the centrifugal repulsion. The physical 
resonance in experimental data could be contributed from the both. 

Nature of the Roper resonance is interested for many years. Naive quark 
model doesn't account for the resonance for the level reverse puzzle, where 
the Roper is lighter than the negative parity nucleon A^*(1535). Graz group 
claim that the short range part of one-pion-exchange in 3Q system is enough 
strong to reverse two masses [1]. While, Jiilich group argue that the Roper 
is a temporal bound state of nucleon and correlated two pions [2]. 

Then, the purpose of this paper is that we study the pion-nucleon F33 
and Pii scattering in the Lippmann-Schwinger approach with and without 
including a one-baryon(3Q) state, and see these interpretations. 
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Figure 1: Elementary processes taken into account. 



2 Formulation 



We solve the Lippmann-Schwinger equation and then T matrix is given by 
Tpp = M-'Vpp + M-'VpqGqVqpM-'' M = 1 - VppGf (1) 

Gq = (G^q'' - ^Qr' = VQpGfM-'VpQ (2) 

here the Hilbert space is divided in two with projections P and Q = 1 — P 
where the P-space is spanned by meson-baryon states, while the Q-space is 
the one-baryon state. The first term is the T-matrix solved in the P-space 
only and is the solution of the ordinary Lippmann-Schwinger equation. The 
second term is the effect of the Q-space i.e. baryon state, and is the most 
important part in this study. This term is composed of the full propagator 
of the baryon including a self-energy due to coupling to pion-nucleon states. 

We consider the elementary processes shown in FiglH For the Pu partial 
wave, we take the nucleon pole diagram. The baryon pole diagram, we try 
both taking and omitting it, as explained. We include the rest of processes 
i.e. the cross-diagram and so on, as an effective potential in the P-space, Vpp. 
We parametrize the matrix elements of these interactions as 

{Q\VQp\k) = lP'^VQpk-T.e-'^^' (3) 
{k'\Vpp\k) = a'Vpp k-k' e~^''\-'r^" (4) 

where S is the so called transition spin operator which is nothing but the spin 
operator for nNN interaction. Note the (bi-)linear momentum dependence 
due to P-wave interaction. The sum over intermediate states is taken by using 
the Gauss integral method. We include Gaussian form-factors for simplicity 
so that the integral converges. We apply the semi-relativistic prescription. 
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Figure 2: Phase-shift and cross-section of P33 scattering v.s. the total energy, 
obtained in the model with(left) and without (right) baryon pole. 

3 Result and Discussion 

We start with P33 partial wave scattering. FigJ2] left shows the phase-shift 
and cross-section obtained in the model with a baryon pole, as a function of 
the total energy. Entire feature of data is well reproduced by putting a baryon 
state around 1235[MeV]. Essentially the potential Vpp is not needed but a 
weakly attractive and soft one is added to improved the threshold behav- 
ior. The resonance appears at the almost bare energy of the baryon(slightly 
below). This supports the standard quark model scenario. 

The right figure of Fig 12] shows the results obtained in the model without a 
baryon pole. By assuming a potential with a particular combinations of range 
and depth, e.g. a = 0.3 [fm] and Vpp = — 308[MeV], a resonance occur at the 
right energy. However, within the present energy independent potential, the 
result differ from data at energy above the resonance. This demonstrate the 
necessity of a baryon couple to vrA^ in P33 state. The above Vpp should be 
regarded as an effective potential including the baryon. 

We turn to Fn partial wave scattering. FigJH] left shows the result in 
the model with a baryon pole in addition to nucleon one. Entire feature of 
data is well reproduced by putting two baryons at 939 [Me V] and 1410 [Me V]. 
Again, no need of Vpp essentially. Note that the bare energy of the baryon 
is 1410 [Me V], and the resonance appears at energy slightly above. This 
means that the baryon is shifted to upward. This result doesn't help the 
conventional quark model at all. We know that the model does not predict 
a positive parity excited nucleon around the energy, but around 1550 [Me V]. 
Hence, it must be shifted to downward largely in order to reproduce data. 
However, the present result shows that a baryon state will be shifted to 
upward by coupling to nN scattering state. After all, the puzzle of Roper 
resonance in the model, still remains. 
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Figure 3: Phase-shift and cross-section of Pu scattering v.s. the total energy, 
obtained in the model with(left) and without (right) baryon pole. 

Then, we try to reproduce Pu data in absence of a baryon corresponding 
to the resonance. The right figure of Figj3] shows the result obtained with the 
nucleon pole and an effective potential. Again, by assuming a potential with 
a particular combinations of range and depth, a resonance occur at the right 
energy. This may indicate hadron dynamical origin of the Roper resonance. 
In this case, we need a very short range and deep potential, e.g. a = 0.15[fm] 
and Vpp = —1180 [MeV]. We do not have explicit -k-kN channel in the present 
study, and the process irN ^ tttvN ^ ttN is regarded as a part of Vpp. The 
above deep potential may be originated from the process, e.g. with the strong 
TTTT correlation in the paper by Jiilich group [2]. This is interesting and must 
be studied into more details. 
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